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Ribavirin, a broad-spectrum antiviral agent active i vitro against a number of
RNA and DNA viruses, has been associated with moderate toxicity in laboratory
animals and humans. Clinically, ribavirin has been used effectively in persons
primarily to treat life-threatening viral diseases such as acute haemorrhagic
fever or viral pneumonia of infants. In order to evaluate the feasibility of using
this antiviral agent in cats, the effects of oral (p.o.), intramuscular (i.m.) and
intravenous (i.v.) doses of ribavirin in 27 9-month-old specific-pathogen-free
cats were evaluated by haematology, clinical chemistries, bone marrow biopsies
and histopathology. Ribavirin was administered once daily for 10 consecutive
days at a dose of either 11, 22, or 44 mg/kg after which all cats were euthanatized
and necropsied. Most cats receiving 22 or 44 mg of ribavirin/kg became anorectic
and suffered some degree of weight loss (0.2 to 0.6 kg), and about one-third of
the cats developed diarrhoea and/or mucous membrane pallor. Icterus or
haemorrhage was not observed. The most profound and consistent haemato-
logic change, particularly among the moderate and high dosage groups
regardless of route of administration, was a significant and severe thrombocyto-
penia (range, 33-78% reduction in mean platelet counts vs. baseline). Other
changes, particularly reductions in total WBC and neutrophils and reductions in
RBC and PCV, tended to occur at lower ribavirin dosages, but generally they
were not statistically significant. Cats given 44 mg of ribavirin/kg i.v. showed
significant decreases in leukocyte variables, including total WBC (P = 0.016),
neutrophils (P = 0.026) and lymphocytes (P = 0.047). Mild-to-moderate
increases in serum alanine aminotransferase and alkaline phosphatase activities
occurred at doses of 22 and 44 mg/kg. Evaluation of bone marrow biopsies
before and after treatment revealed that cats given 11 mg of ribavirin/kg had
mild megakaryocytic (MK) hypoplasia, whereas cats receiving 22 or 44 mg/kg
had progressively severe degrees of MK hypoplasia and dysplasia, asynchronous
MK maturation, and increased myeloid:erythroid ratio. Pathologic changes in
ribavirin-treated cats generally were mild and included primarily enteritis (seven
cats) and hepatocellular vacuolation and/or centrilobular necrosis (seven cats).
Results of this study in cats indicated that daily administration of ribavirin at a
dose range of 11 to 44 mg/kg induced a dose-related toxic effect on bone
marrow, primarily on megakaryocytes and erythroid precursors, and at the
higher dosages it suppressed numbers of circulating leukocytes.

Dr R. C. Weiss, Scott-Ritchey Research Center, College of Velerinary Medicine,
Auburn University, AL 36849-5519, USA.
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type A and B, respiratory syncytial virus
(RSV), parainfluenza virus, measles, arena-
virus, bunyavirus, and the human immuno-
deficiency virus, HIV (Sidwell et al, 1972;
McCormick et al., 1984). Because of potential
toxicity, the clinical application of ribavirin in
humans has been limited mostly to aerosol
therapy of infants with serious RSV infection,
or i.v. or p.o. administration of adults with
influenza A or acute viral haemorrhagic fever
(e.g., Lassa, Junin, Machupa) (Reines & Gross,
1988; Bryson, 1988). Results of clinical trials
of oral ribavirin in HIV-infected patients have
been equivocal (Raoberts e¢f al, 1990; Bods-
worth & Cooper, 1990).

There have been few published antiviral
studies of ribavirin against viruses of veterin-
ary importance. In wvitro studies have demon-
strated that ribavirin has significant antiviral
activities against canine parainfluenza virus,
teline calicivirus (FCV) (Povey, 1978a) and
feline infectious peritonitis virus (Weiss and
Qostrom-Ram, 1989). Ribavirin had signifi-
cant cytotoxicity (IDsg = 17 pg/ml) in rapidly
proliferating normal feline cells, and the
resultant low therapeutic index (6.8) sug-
gested potential toxicity when used at antiviral
dosages in cats (Weiss & Oostrom-Ram, 1989),
Experimentally, ribavirin administered orally
to cats at a divided total daily dose of 75 mg/kg
starting 1 or 4 days after exposure to FCV
failed to have any beneficial effect on the
clinical course of disease or reduce virus
excretion {Povey, 1978b). The ribavirin treat-
ment was associated with severe toxic effects
including thrombocytopaenia, decreased red
and white blood cell counts, increased alanine
aminotransferase activity, haemorrhage, and
loss of body weight. In laboratory animal
species, various other toxic effects of ribavirin
occurred in both acute and chronic toxicity
studies, including  teratogenicity = and
embryotoxicity in rabbits and rats, gastrointes-
tinal necrosis and bleeding in beagles, skin
scaling and ulceration of the tail base in rats,
alopecia in rabbits, and decreased food con-
sumption, body weight and testicular and
seminal vesicle weights in rats (Canonico,
1983; Hillyard, 1980; Gillett et al., 1990).

Our purpose was to evaluate the effects of
ribavirin administration on the health of
specific-pathogen-free cats as measured by
haematology, clinical chemistries, bone mar-

row, and histopathology. Because previous
studies on the clinical use of ribavirin in cats
had demonstrated toxicity and lack of efficacy
at dosages of ribavirin used successfully in
other animal species (Povey, 1978b), we were
interested in evaluating the toxicity of riba-
virin at a range of dosages lower than that
used previously in cats. Potentially, this data
will be useful in helping define dosages of
ribavirin tolerated clinically in cats infected
with various viruses, including feline leukemia
virus (FeLV) or feline immunodeficiency
virus (FIV). These viruses, particularly FIV,
may serve as valuable animal models for the
study of human AIDS and for evaluation of
antiretroviral agents (Pedersen, 1989). Addi-
tionally, we wished to understand the patho-
genesis of ribavirin toxicity in cats so that
strategies may be designed to combat its
adverse effects.

MATERIALS AND METHODS

Experimental animals

Twenty-seven healthy 9-month-old specific-
pathogen-free cats of either sex weighing 3.47
+ 0.28 kg (mean 3 SD) were obtained from a
commercial breeder (Harlan Sprague Dawley,
Inc., Austerlitz, The Netherlands). These cats
were FeLV antigen-negative (by ELISA) and
were seronegative for feline coronavirus and
FIV antibodies. All cats were housed indi-
vidually in isolation rooms in stainless steel
cages with food and water provided ad Lbitum
and they were used and maintained according
to US federal guidelines. Experimental pro-
tocols were approved by the Auburn Univer-
sity Institutional Animal Care and Use Com-
mittee.

Ribavirin

The ribavirin (Virazole; lot no. 03100785-
[n-15], Viratek Inc, Costa Mesa, CA, USA)
was provided by Dr D. Hines (Solvay Animal
Health, Inc, Mendota Heights, MN, USA) and
Dr B. Rossiter (ICN Pharmaceuticals, Inc,
Costa Mesa, CA, USA). The drug initially was
stored lyophilized (50 g) at room temperature
until diluted prior to use. Ribavirin solutions
were made by mixing a predetermined quan-



tity of lyophilized powder with phosphate
buffered saline solution (PBSS) on a magnetic
stirrer for 10 min then filtering the solution
through a 0.2 um cellulose acetate membrane
filter (Corning Inc, Corning, NY, USA). The
solutions were stored at 4°C for a maximum of
2 weeks until use. In wvitro screening of
representative aliquots of the ribavirin stored
for several weeks or more at 4°C for antiviral
activity against feline coronavirus, using a
previously described procedure (Weiss &
Oostrom-Ram, 1989), confirmed drug stabil-
ity under these storage conditions.

Experimental design

The cats were assigned randomly to one of
three experimental groups (nine cats/group)
based on ribavirin dosage as follows: Group I
(11 mg/kg}, Group II (22 mg/kg), or Group
I1I (44 mg/kg). Each group was subdivided
further into three subgroups (3 cats/
subgroup) depending upon the particular
route of administration, i.e., p.o., i.m., or i.v.
Before starting treatment of cats with ribavir-
in on post-treatment day (PTD) 0, each cat
was sedated with ketamine hydrochloride
(Vetalar; Parke, Davis & Co, Detroit, MI,
USA; 11 mg/kg, i.m.), weighed, and a sample
of bone marrow collected aseptically from the
ilium. Approximately 2.7 mi of blood was
then collected by jugular venipuncture into
vacuum-evacuated blood tubes containing
0.06 ml of 75% EDTA (Ks) or glass tubes
without anticoagulant (Vacutainer tubes,
Becton-Dickinson, Rutherford, NJ, USA) for
determination of complete blood count and
platelet numbers or serum chemistries, re-
spectively. Ribavirin then was administered to
each cat by the appropriate route once daily
for 10 consecutive days. For p.o. administra-
tion, the drug was administered slowly into
the oral cavity, using a plastic 3-ml syringe
without needle. For i.m. administration, the
drug was injected deeply into the semimem-
branosus muscle. For i.v. administration, each
cat was sedated with ketamine and cathete-
rized daily by inserting a 23 gauge butterfly
catheter {Sherwood Medical, St. Louis, MO,
USA) into the cephalic vein; then, the ribavir-
in was injected slowly into the catheter and the
catheter flushed with sterile PBSS.
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Cats were weighed twice weekly and they
were monitored daily for clinical signs of
toxicosis. Amounts of drug administered were
adjusted as necessary to compensate for
changes in body weight. A clinical score,
which was correlated inversely with the health
of an animal, was calculated daily for each cat
on the basis of a 10-point numerical scale
reflecting severity of clinical signs. Daily clini-
cal scores were determined according to the
following grading of signs: anorexia = 7;
fever (39.5 C-39.8 C) = 6; fever (= 39.9C) =
7; hypothermia (< 37.5 C) = 8; depression =
7; pale mucous membranes and/or slow capil-
lary refill time = 8; dehydration = 8; vomiting
= 8; diarrhoea/melena = 8; weight loss (0.25—
0.4 kg) = 7; weight loss (> 0.4 kg) = 8;
laboured breathing = 8; CNS signs (seizure,
tremor, incoordination, paresis/paralysis etc.)
= 9; death = 10. On PTD 10, each cat was
sedated and blood sampled for testing. An
additional bone marrow sample was collected.
Cats were subsequently euthanatized by an i.v.
injection of a solution containing pentobarbi-
tal sodium and phenytoin sodium (Beuth-
anasia®-D Special, Schering-Plough Animal
Health, Kenilworth, NJ, USA) and were nec-
ropsied on PTD 10 or 11.

Haematologic evaluations

Complete blood counts, including total
white blood cell count (WBC) and differential,
red blood cell count (RBC), packed cell vol-
ume (PCV), and haemoglobin (Hb) were
performed by semi-automated methods
(Coulter $550, Coulter Electronics, Inc.,
Hialeah, Florida). Platelet counts were per-
formed using an automated instrument (Bak-
er series 810, Baker Instrument Corp, Allen-
town, PA, USA) within 30 min of blood
collection. Serum chemical and electrolyte
parameters were determined with commer-
cially available kits using automated instru-
mentation (Cobas Mira, Roche Diagnostic
Systems, Nutley, NJ, USA and Beckman E4A,
Beckman Instruments, Somerset, NJ, respec-
tively). Parameters evaluated included alanine
aminotransferase (ALT), alkaline phospha-
tase (SAP), creatine kinase (CK), creatinine,
glucose, blood urea nitrogen (BUN), total
anionized calcium and phosphorus, total pro-
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tein (TP), albumin, globulin, sodium, potas-
sium, chloride, total carbon dioxide, and
anion gap.

Bone marrow evaluation

Bone marrow samples were aspirated from
the ilium at times corresponding with blood
collection. Samples were collected into syring-
es containing 54 mM EDTA-0.15 NaCL and
they were placed immediately into plastic
petri dishes. Bone marrow particles were iso-
lated with a microhematocrit tube and micro-
bulb, expressed onto glass slides, and gently
spread with another slide. Slides were stained
with a modified Wright's stain. Bone marrow
smears were evaluated for cell morphology,
cellularity, and maturation sequence. A
myeloid:erythroid (M:E) ratio (minimum of
500 cells) was calculated for each sample.

Necropsy examination

Two cats given 22 mg of ribavirin/kg 1.v.
died shortly after ketamine was administered
on PTD 6 or 9 (necropsy examination did not
reveal immediate cause of death); the other 25
cats were euthanatized and necropsied on
PTD 10 or 11. All gross lesions and represen-
tative sections of brain, liver, lung, heart,
kidneys, adrenals, stomach, small and large
intestines, urinary bladder, thymus, spleen,
mandibular, retropharyngeal and mesenteric
lymph nodes, gonads and bone marrow were
fixed in 10% neutral buffered tormalin. Tis-
sues were embedded in paratfin, sectioned at
6pm, and stained with haematoxylin and
eosin for histopathologic evaluation.

Statistical analysis

Comparisons of pre- and post-treatment
haematologic and biochemical values were
performed using the Student’s t-test on paired
samples and a computerized statistical analysis
program (Abstat; Anderson-Bell, Canon City,
CO, USA). Because the clinical scores col-
lected from each treatment group were not
distributed normally, the Mann-Whitney U-
test tor nonparametric data was used to

evaluate the clinical scores. The paired Stu-
dent’s t-test (2-tailed) was used to evaluate
mean differences in percentage change of
values pre- and post-treatment between treat-
ment groups at each dosage level. The %
change was calculated as the difference in
values pre- and post-treatment divided by the
pre-treatment value, multiplied by 100.
Values of P < 0.05 were considered signifi-
cant.

RESULTS

Clinical responses

Other than mild weight loss (range, 0.2-0.5
kg), adverse signs were not observed in cats
receiving 11 mg of ribavirin/kg. Most cats
given 22 mg of ribavirin/kg lost some weight
(range, 0.2-0.6 kg), and several of these cats
given the drug p.o. or i.v. also developed mild
pallor of mucous membranes, starting at PTD
5 or 6. One cat given ribavirin at this dosage
developed transient diarrhoea starting at PTD
5; two others died while under ketamine
anaesthesia, one cat at PTD 6 and the other at
PTD 9. Cats receiving 44 mg of ribavirin/kg
consistently demonstrated the most severe
signs, including anorexia, weight loss (range,
0.3-0.6 kg), depression, intermittent diar-
rhoea, and mucous membrane pallor. Icterus
or haemorrhage was not observed. Anorexia
occurred in eight of nine cats given 44 mg of
ribavirin/kg and ranged in duration between |
and 7 days, usually beginning at PTD 3 or 4.
The diarrhoea, which generally was mucoid,
occurred in three of the nine cats (2 i.m., 1
1.v.). The clinical scores of cats given 44 mg of
ribavirin/kg im. or iLv. were significantly
higher (P < 0.05) than scores of cats given 11
or 22 mg of ribavirin/kg by all routes (Fig. 1).
At a dosage of 44 mg/kg, the clinical scores of
cats administered ribavirin p.o. were signifi-
cantly less (P = 0.040) than scores of cats
given ribavirin iv. and were similar (P =
0.095) to scores of cats given ribavirin i.m.
(Fig. 1).

Haematologic and blood chemistry changes

Cats given 11 mg of ribavirin/kg had a
relative decrease in mean Hb, PCV and RBC
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FIG. 1. Mean clinical scores (* SD) of cats treated
for 10 days with ribavirin at various dosages by p.o.,
im., or iv. route. The height of each bar is
proportional to severity of disease signs. Each bar
represents the mean score of three cats.

values compared to mean baseline values
(significant at P < 0.05 for the i.m. group;
Table I). Between treatment groups, relative
decreases in Hb, PCV, and RBC were greatest
in the p.o. group and least in the i.v. group.
Cats given ribavirin p.o. or i.m. had a mild
decrease (approximately 20%) in WBC num-
bers. Neutrophil counts after treatment were
significantly (P = 0.049) reduced in the p.o.
group; there were no differences, however, in
the magnitude of decrease post-treatment in
numbers of neutrophils between groups.
Mean platelet numbers were reduced by 33%
in iLv.-treated cats. A significant decrease in
blood calcium (P = 0.03) along with a concom-
itant decrease in phosphorus occurred in all
groups (Table II). Total protein was signifi-
cantly (P = 0.03) decreased in cats given
ribavirin p.o. (P < 0.05 vs. relative decrease in
TP for i.m. and 1v. groups). Blood glucose
concentrations were reduced in the i.m. and
i.v. groups (significant for iv. group, P =
0.02). Blood sodium concentrations were sig-
nificantly (P < 0.05) reduced in all groups.
The anion gap was reduced in all three
groups. Creatinine, BUN or serum enzymes
were not significantly increased in cats after
ribavirin treatment.

The most marked and consistent haemato-

logic disturbance in cats receiving 22 mg of

ribavirin/kg was a decrease in platelet count
(range, 42-58% mean decrease vs. baseline;
significant for p.o. and i.v. routes) accompa-
nied by an increase in mean platelet volume
(Table III). Platelet counts in cats given
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ribavirin i.v. were significantly decreased com-
pared to counts in cats given ribavirin p.o. (P
= 0.01) or i.m. (P = 0.05). Cats given ribavirin
at 44 mg/kg iv. had a decrease in WBC
numbers and showed a significant decrease (P
= 0.05) in numbers of lymphocytes. Serum
ALT was mildly but significantly increased (P
= 0.05) in cats given ribavirin orally and the
SAP was significantly increased (P = 0.029) in
cats treated with ribavirin i.v. (Table 1V). The
SAP levels were significantly increased in the
Lv. group vs. the oral (P = 0.01) or im.
groups (P = 0.009). Blood calcium levels were
reduced (P = 0.001) in the oral group. Blood
sodium concentration was mildly increased in
all groups (P < 0.05 for the oral group), and
the anion gap was significantly (P < 0.05)
increased in the p.o. and i.m. groups. Creat-
nine and BUN values were unchanged. Two
cats (A4 and A6) that were given ribavirin i.v.
and had died during the treatment period
were sampled within 1-2 h of death. Howev-
er, samples for determinations of ALT, glu-
cose, phosphorus, potassium, total COg, and
anion gap were unsuitable, and these data
could not be included in statistical evaluations.

Cats receiving 44 mg of ribavirin/kg had
significant reductions in platelet counts
(range, 38-78% mean decrease vs. baseline)
regardless of the route of administration
(Table V). However, cats given ribavirin p.o.
had significantly greater reductions in platelet
numbers than those given ribavirin i.m. or i.v.
(P = 0.038). Increases in mean platelet vol-
ume accompanied the thrombocytopenia.
Generally, haematologic changes other than
thrombocytopenia, including significant de-
creases in WBC (P = 0.016), neutrophils (P =
0.026) and lymphocytes (P = 0.047), were
most severe in the i.v. group. Mean WBC and
neutrophil counts decreased between 30-60%
of baseline values in cats given ribavirin p.o.
or i.m., but these changes were not statistically
significant. Mean ALT and CK levels were
increased after treatment in all three groups;
significant changes in ALT, however, were
observed only in the i.m. group (P = 0.035)
and the iv. group (P = 0.007), whereas
significant increases in CK occurred only in
the i.v. group (P = 0.046; Table VI). Blood
calcium and phosphorus levels were de-
creased significantly (P = 0.031 and 0.036,
respectively) in the p.o. group; calcium levels,
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in contrast, were significantly (P = 0.03)
increased in the i.v. group. Total protein and
albumin levels were reduced in all groups and
were significantly (P < 0.025) decreased in
cats treated orally vs. cats treated i.m. or i.v.
The anion gap was reduced and the blood
glucose concentration increased in all groups.
Increases in BUN or creatinine were not
observed.

Bone marrow changes

A dose-dependent effect of ribavirin on
bone marrow cytopathology was observed
(Table VII). Bone marrow changes generally
included erythroid and megakaryocytic (more
rarely, myeloid) hypoplasia, myeloid left shift,
increased M:E ratio, and abnormalities in
megakaryocyte morphology (e.g., asynchro-
nous maturation, atypical nuclear lobulation).
Bone marrow smears taken pre- and post-
treatment (PTD 10) demonstrated that two of
nine cats (1 p.o., 1 im.) given 1l mg of
ribavirin/kg developed mild hypoplasia of
megakaryocytes, and another cat had an
increased M:E ratio compared to baseline.

Two cats given 22 mg of ribavirin/kg i.m. had
moderate. megakaryocytic hypoplasia, and
one cat given this dose of ribavirin i.m. had
atypical nuclear lobulation of megakaryocytes.
Three cats (2 p.o., 1 i.m.) had a moderate
amount of erythroid hypoplasia. All cats that
received 44 mg of ribavirin/kg had pro-
nounced megakaryocytic and erythroid hypo-
plasia and all had an increased M:E ratio. Six
of nine cats given ribavirin at this dose had
atypical nuclear lobulation of megakaryocytes
and seven cats had asynchronous megakaryo-
cyte maturation.

Pathologic changes

All cats were well-nourished and they had
moderate-to-abundant stores of adipose tis-
sue. Livers from 12 of 27 cats had mildly
reticulated patterns, usually associated with a
paucity of ingesta in the gastrointestinal tract.
Affected cats were evenly distributed among
treatment groups. Three of nine cats given 22
mg of ribavirin/kg (1 p.o., 2 i.m.) had mildly
dilated lateral ventricles of the brain. Seven of
27 cats had mild enteritis or colitis, including

TABLE VII. Bone marrow cytopathology in cats given various doses of ribavirin

No. of cats with:

Asynchronous  Erythroid Increased
Group* MK hypoplasia MK dysplasia MK maturation hypoplasia M:E ratio
11 mg/kg
p.o. I 0 0 0 |
im. 1 0 0 0 0
iv. 0 0 0 0 0
22 mg/kg
p.o. 0 0 0 2 3
Lm. 2 0 0 1 0
vt 0 I 0 0 I
44 mg/kg
p-o. 3 3 3 3 3
i.m. 3 1 2 3 3
iv. 3 2 2 3 3

*n = 3 cats at each route for each dose; tonly one cat evaluated (postmortem samples of two
cats were unsuitable for cytology). Abbreviations: MK = megakaryocyte; M:E = myeloid:

erythroid ratio.



four cats dosed p.o. (one at 11 mg/kg, two at
22 mg/kg and one at 44 mg/kg), two cats
treated i.m. (both at 22 mg/kg) and one cat
treated i.v. (11 mg/kg). Histologically, specific
toxic changes were restricted to the liver,
intestinal tract and brain. Hepatic hydropic or
fatty degeneration, vacuolation, and centri-
lobular necrosis occurred in seven cats dosed
at 22 or 44 mg/kg. Seven cats had entero-
colitis. The intestinal inflammatory lesions
consisted predominantly of mononuclear in-
filtrates in the lamina propria and mucosal
microabscesses. These lesions were observed
at all dosages but occurred most often in the
p.o. groups. Peyer’s patches frequently were
large and abundant with very active germinal
centers. Three cats had dilatation of the
cerebral lateral ventricles without hydro-
cephalus. Two cats (A6 and A4) treated i.v.
with 22 mg of ribavirin/kg and given daily
injections of ketamine died still under anaes-
thesia at PID 6 or 9, respectively. Neither cat
showed gross or microscopic changes sugges-
tive of toxicosis. Cat A6 had multifocal
haemorrhages in the thymus, moderate lym-
phoid hyperplasia and mild hepatic conges-
tion and hydropic change; cat A4 had mild to
moderate lymphoid hyperplasia.

DISCUSSION

Ribavirin toxicity to rodents, non-human pri-
mates (rhesus monkey) and humans has been
studied previously (Hillyard, 1980; Canonico,
1983; Canonico et al., 1984a). Administration
of ribavirin for 10 days at daily dosages up to
30 mg/kg produced mild normocytic anaemia
in rhesus monkeys, while higher dosages (=
50 mg/kg/day) resulted in severe anaemia in
the absence of a reticulocyte response. The
data indicated that the anaemia seen with
lower dosages was likely caused by accelerated
red cell destruction, probably within the
mononuclear phagocyte system. An addi-
tional cause of anaemia observed at higher
dosage and confirmed by bone marrow biopsy
was inhibition of erythropoiesis (Huggins,
1989). In humans, relatively low dosages of
ribavirin (1 g per day) caused unconjugated
bilirubin levels to double and the reticulocyte
count to increase (Smith & Charette, 1980),
while much higher dosages (3.9-12.6 g per
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day) caused decreases in haemoglobin levels
(Fernandez, 1980). These changes were re-
versed rapidly after treatment was discon-
tinued.

There is considerable species variation in
sensitivity to the haematologic toxicity of
ribavirin. It is known that red blood cells
sequester large amounts of ribavirin (Canoni-
co et al., 1984b); the half-life of ribavirin in
red cells is about 40 days (Nicolson, 1984).
The sensitivity of various species to the
haematologic effects of the drug is related to
the amount of ribavirin sequestered. For
example, mice and rats, which accumulate
markedly less ribavirin in red cells than do
humans or monkeys, are much more resistant
to the drug’s haematologic toxicity (Huggins,
1989); mice have been given 45-340 mg of
ribavirin/kg daily without noticeable toxicity
(Durr et al, 1975). In monkeys and rats,
ribavirin is mutagenic, teratogenic, embryo-
toxic, and possibly, carcinogenic (Reines &
Gross, 1988). The lethal dose of ribavirin in
cats and its specific toxic effects presently are
not known.

In the present study of cats, the most
important toxic effects of ribavirin were pro-
gressive anorexia and weight loss, mild pallor
of mucous membranes, severe thrombocyto-
penia, and variable decreases in WBC and
neutrophil numbers. Some cats, particularly
those receiving 11 or 22 mg of ribavirin/kg/
day, also had decreases in red cells, haemoglo-
bin and haematocrit. Other cats, notably those
given the higher dosages of ribavirin, had
significant increases in liver-specific enzymes.
Other changes in clinical chemistry profiles
post-treatment were variable and generally
were not exceptional. There was a tendency,
however, for blood calcium levels and plasma
proteins to decline (particularly in the p.o.
groups), and there were mild fluctuations in
electrolytes, notably sodium and glucose.
Seemingly, decreases in plasma proteins and
electrolytes may have been related to persis-
tent anorexia or possibly to binding of these
molecules to the drug in the gastrointestinal
tract or blood. The increase in glucose
observed in all groups of cats given the
highest dosage of ribavirin was unexpected;
possibly, this increase was induced by severe
physiological stress and endogenous adreno-
corticosteroid release, resulting in increased
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glycogenolysis and gluconeogenesis. The
reason for the variable fluctuations in the
anion gap and the overall influence, if any, of
ionic charge contributed by the ribavirin on
acid-base balance were not clear. Although
the influence of giving multiple doses of
ketamine in the i.v. group on clinical chemis-
tries was not specifically evaluated, there were
no significant differences between groups in
clinical chemistry profiles other than an in-
crease in serum calcium in cats given ribavirin
.v. at 44 mg/kg vs. those given ribavirin p.o.
or i.m. that would suggest a significant effect.

Histologically, cats showed hepatocellular
degeneration, suggesting some mild hepato-
toxicity. Dilatation of the cerebral lateral
ventricles was observed in three cats given the
medium dose (22 mg/kg) of ribavirin p.o. or
.m. It was not apparent whether this was an
incidental finding or was associated instead
with ribavirin toxicity; there were no other
neuropathologic changes or abnormalities in
blood glucose or other electrolyte or blood
protein concentrations that might help ex-
plain this lesion. Cunously, the brain lesion
was not observed in cats given higher dosages
of the drug. Bone marrow biopsies frequently
revealed marked decreases in megakaryo-
cytes, disturbances in megakaryocyte matura-
tion and morphology, and erythroid hypopla-
sia. In contrast to our findings in cats, monk-
eys given ribavirin in a previous study had a
dose-related increase in platelets, megakaryo-
cytic hyperplasia, and no significant effects on
WBC counts (Canonico ef al., 1984a,b; Cos-
griff et al., 1984). Many of the ribavirin-
treated cats in our study that had lesions of
the bone marrow, including megakaryocytic
and/or erythroid hypoplasia, did not demons-
trate significant reductions in red cells or
show clinical evidence of haemorrhage or
anaernia. The exact reason for this was un-
clear; however, the absence of anaemia may
have been related to the half-life of circulating
erythrocytes in cats (76 £ 0.9 days; Weiser,
1989) and the length of the study, whereas the
absence of haemorrhagic diathesis in the face
of severe thrombocytopenia may have been
related to compensatory platelet mechanisms,
e.g. increases in mean platelet size, a morpho-
logic alteration observed in many of the
ribavirin-treated cats in this study. Similar
compensatory mechanisms in thrombocytope-

nic cats with viral-induced disseminated intra-
vascular coagulopathy have been described
previously (Weiss et al., 1980).

Considering the marked thrombocytopenia
after 10 days of treatment and the bone
marrow lesions (viz. hypoplasia of erythroid
and platelet precursors), a haemorrhagic dia-
thesis or anaemia (or both) might have been
expected to occur in the ribavirin-treated cats
if the treatments were continued. Unfortun-
ately, because the cats of this study were
euthanatized after 10 days of treatment, the
duration of the drug-induced bone marrow
and haematologic changes and their reversi-
bility after cessation of therapy were not
determined. Previous studies of ribavirin in
humans and monkeys indicated that most if
not all of the toxic effects of the drug on blood
cells and bone marrow were transient and
reversed rapidly after treatments were discon-
tinued (Fernandez, 1980; Canonico ef al.,
1984a,b; Cosgrift et al., 1984).

In a previous study of ribavirin in specific-
pathogen-free cats infected experimentally
with FCV, Povey (1978b) described toxic
changes attributed to ribavirin which were
similar to those described in this report, viz.
pronounced weight loss, severe thrombocyto-
penia, and decreases in total WBC and neut-
rophils. Some of the cats in the former study
had severe internal haemorrhages and de-
pression of red blood cells, PCV and haemog-
lobin, while others had mean increases in
ALT concentrations. Although some of the
lesions may have been induced by virus,
because cats treated with ribavirin were also
infected concurrently, the author in fact
concluded that the toxicity of ribavirin had
exacerbated FCV clinical disease. Because the
dosage of ribavirin (75 mg/kg) used to treat
the FCV-exposed cats of the previous study
was between 2-7 times higher than dosages
used in this study and because the haematolo-
gic effects described in the previous study
were largely reversed within 1 week of cessa-
tion of therapy, we believed that the drug-
induced haematologic toxicity in the cats of
this study probably would have subsided had
the treatments been discontinued.

Our results indicated that ribavirin may
cause acute toxic effects, even at low dosages,
on feline bone marrow megakaryocytes and
erythroid precursors, resulting in pro-



nounced thrombocytopenia and potentially
anaemia. Conceivably, suppression of bone
marrow platelet and erythroid precursors
may predispose ribavirin-treated cats to
anaemia and/or bleeding tendencies. The
clinical benefits, if any, of using ribavirin as
antiviral therapy for cats suffering from viral
diseases (e.g. FeLV infection, feline infectious
peritonitis), which may themselves induce
bone marrow hypoplasia, thrombocytopenia,
or haemorrhagic diathesis, may be out-
weighed by the drug’s toxicity. Indeed, riba-
virin toxicity can exacerbate lesions and dis-
ease induced by viruses, as reported in mice
infected with cytomegalovirus (Dowling ef al.,
1976) or cats infected with FCV (Povey,
1978b) or feline infectious peritonitis virus
(Weiss et al., in press).

The pathogenesis of ribavirin toxicity in the
cats of this study was not fully understood.
Ribavirin apparently can suppress cellular
DNA synthesis and also inhibit translation of
proteins via inhibition of 5’ cap formation of
mRNA (Reines and Gross, 1988), and it is
cytotoxic to resting cell lines at concentrations
in vitro of 200—-1000 pg/ml (Nicholson, 1984).
The predominant toxicity in cats that we
observed was suppression of precursor cells in
bone marrow, particularly megakaryocytes
and myeloid and erythroid cells. It seems
likely that this effect is dose-related and thus
may be controlled somewhat by lowering the
dose of ribavirin administered. However, low-
ering the dose of drug unfortunately may
compromise its antiviral efficacy. Another
approach to reduce drug toxicity without
jeopardizing antiviral efficacy is to incorpo-
rate smaller doses of drug within liposomes
that target the drug more specifically to sites
of virus replication, thereby substantially low-
ering the therapeutic dose (Alving, 1983).
Alternatively, concurrent administration of
particular recombinant growth factors, e.g.
granulocyte colony stimulating factor (G-
CSF), granulocyte-macrophage colony stimu-
lating factor (GM-CSF), interleukin (IL)-3, or
erythropoietin may be considered along with
the ribavirin therapy to enhance bone marrow
function and protect cats against the specific
toxic effects of the ribavirin. For example, IL-
3 has been used to decrease chemotherapy-
induced myelosuppression, and sequential
administration of 1L-3 and GM-CSF has been
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shown to cause a marked increase in white
blood cells, including myeloid lineages and
platelets (Ogilvie, 1991).

Results indicated that ribavirin adminis-
tered daily to healthy cats at a dosage of 11 to
44 mg/kg p.o., i.m,, or i.v. for a week or more
was associated with variable amounts of bone
marrow and haematological toxicity, anorexia
and weight loss. Additional toxicologic studies
of ribavirin using even lower dosages than we
reported (i.e. < 11 mg of ribavirin/kg) should
be performed before evaluating this antiviral
drug clinically in cats.
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